Collagenase was isolated from fish waste (a mixture of haddock, herring, ground fish and flounder) using a Tris-buffer system. The proteins in the crude extract were precipitated using ammonium sulfate (40% -80%) and purified with gel-filtration chromatography using Sephadex G-100. The results showed that the collagenase enzyme was produced as a latent enzyme and was activated with bovine trypsin and potassium thiocyanate (KSCN). The enzyme activity was affected by pH and temperature. Optimal enzyme activities were found at 35˚C and a pH of 7.5 when insoluble collagene type I was used as substrate and the liberated amino acids were measured in relation to L-leucine in the presence of ninhydrin. The enzyme activity was completely inhibited by the action of ethylenediaminetetraacetic acid (EDTA) suggesting that the collagenase enzyme isolated from the fish waste is a metalloproteinase enzyme requiring metal ions for enzyme activity. Dialysis against KSCN decreased the enzyme total activity and increased its specific activity. Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) indicated that the purified procollagenase enzyme have only one band at molecular weight of 50 kilodaltons (kDa). When the enzyme was cleaved with trypsin, it was found to consist of two subunits: a large unit with a molecular weight of 50 kDa and a small unit with a molecular weight of 10 kDa.
INTRODUCTION
Enzymes offer industrial processes with many advantages over chemical techniques. They allow for a better control of the production processes, are environmentally friendly (biodegradable), safe, easy to use and effective in low concentrations [1, 2] . Proteases enzymes that catalyze the hydrolysis process of proteins are of great importance in many industrial sectors including the textiles, detergent, food, animal feed, cosmetics and medicinal industries as well as in scientific and analytical research [3] [4] [5] [6] [7] [8] .
Fish processing waste offers a renewable source of these useful enzymes. Extraction of enzymes from fish processing waste may improve the economics of the fish processing industry while minimizing the environmental impact of waste disposal [9] [10] [11] [12] . Canada's total seafood and fish landings in the year 2009 were 1,880,896 tons with a total value of 3.3 billion dollars [13] . Annually, about 1,034,492 tons (56%) of fish waste are produced in Canada of which 88,000 -130,000 metric tons are disposed in the ocean [14] .
Collagenase enzymes are one of the protolytic group that cleave the collagen molecule resulting in two triple-helical fragments representing 75% and 25% of the intact molecule [15] . Collagenase enzymes have been used in the tannery and fur industries [16] , fish processing industries for skinning squid carcasses [11] , foodprocessing industry in brewing, clarification and stabilization of beer [12, [17] [18] [19] [20] , medicine [6, 21] , cosmetics [7, 22] production of protein hydrolysates [23] , fish silage, fish sauce and fish meal [24] [25] [26] . Collagenase is also used in scientific research that relates to animal physiology, especially in removing the connective tissues in neurological studies [27] .
These enzymes have been isolated and characterized from microbial cells [28] [29] [30] [31] [32] [33] and animal tissues [34] [35] [36] [37] [38] . Collagenase enzymes are synthesized as pre-proenzymes and secreted as inactive proenzymes [39] [40] [41] [42] . They are classified into two types based on their physiological functions: serine collagenase [43, 44] and metallocollagenase [45, 46] . The molecular weights of collagenase enzymes vary significantly based on the enzyme type. Park et al. [47] reported a collagenase molecular weight of 14.8 kDa from makerel, while Sellers and Murphy [48] and Harris and Vatar [49] reported collagenase molecular weights in the range of 30 -150 kDa from mammalian tissues. McCroskery et al. [50] reported collagenase molecular weights in the range of 33 -35 kDa from rabbit tumor. Other researchers isolated colagenases from marine organisms with molecular weights < 60 kDa [35, 43, 46] .
The aim of this study was to isolate, purify and characterize collagenase enzymes from gut-free fish processing waste materials in order to improve the economics of the fish processing industry and minimize the environmental impact of fish waste disposal. The specific objectives were: (a) to extract, fractionate and purify collagenase from fish processing waste (haddock, herring, ground fish and flounder); (b) to characterize the isolated collagenase based on its molecular mass and (c) to study the effects of ethylenediaminetetraacetic acid (EDTA) concentration (18.6, 27.9 and 37.2 mg/mL or 50, 75 and 100 mM), soybean trypsin (STI) concentration (5, 7.5 and 10 mg/mL), temperature (20˚C -55˚C) and pH (5.0 -9.0) on the collagenase activity.
EXPERIMENTAL MATERIALS

Chemicals
The chemicals used in this study included: collagen type I (Bovine Achilles Tendon), Tris buffer (hydroxymethylaimnometane), TES (trishydroxymethyl-methyl-2-aminoethan sulfonate), ammonium sulfate, collagenase (Clostridium histolyticum), bovine serum albumin, ethylene glycol monoethyl ether, ninhydrin, stannous chloride, L-leucine, SDS-PAGE electrophoresis reagents, protein molecular weight markers. These were purchased from Fluka Analytical, a Sigma Aldrich Company, Oakville, Ontario, Canada.
Fish Waste
The fish waste (muscles, fins and bones of mixed fish samples of haddock, herring, ground fish and flounder) was obtained from Sea Crest Fisheries Limited, Saulnierville, Nova Scotia, Canada. Samples of 1 kg were collected in plastic containers and transported to the Food Science and Technology Laboratory at Dalhousie University where they were stored at -28˚C until needed.
ENZYME ISOLATION PROCEDURE
The experimental procedure for isolation of collagenase enzyme included 4 steps: (a) extraction of crude enzymes; (b) fractionation of enzymes; (c) purification of enzymes and (d) activation of enzymes.
Extraction of Collagenase Enzyme
Collagenase enzymes were isolated from the fish waste using the method described by Teruel and Simpson [51] and Hernández-Herrero et al. [52] and summarized in Figure 1 . Buffer A (50 mM Tris-HCl buffer containing 5 mM CaCl 2 with a pH of 7.4) was added to the fish waste at a ratio of 1:3 (w/v) at 4˚C. The mixture was homogenized using a mixer (DLC-2AC, Cuisinart, Vaughan, Ontario, Canada) at a speed of 7000 rpm with 15 s mixing intervals and cooling in an ice bath for 30 s between mixing. The homogenate was centrifuged (IEC-B20A, Fisher Scientific, Pittsburgh, PA, USA) at low speed (5000 rpm) and 4˚C for 30 minutes and filtered through glass wool (Cat No. 20411, Sigma Aldrich Company, Oakville, Ontario, Canada). The residue was re-extracted using the same procedure and the two supernatants were combined and again filtered through glass wool, followed by filtration through a 0.8 μm millipore filter (Cat No. F8398-50EA, Sigma Aldrich Company, Oakville, Ontario, Canada).
Fractionation of Collagenase Enzyme
The crude extract was fractionated using an ammonium sulfate method (Figure 1 ) similar to that described by Teruel and Simpson [51] . Solid ammonium sulfate was added to the extract solution to a concentration of 40% and held for one hour at 4˚C. Then the ammonium sulfate concentration was increased to 80% and held for one hour at 4˚C. The solution was centrifuged at 6750 rpm and 4˚C for 30 minutes and the pellets were re-suspended in a minimum amount (1 -2 mL) of buffer A (50 mM Tris-HCl buffer containing 5 mM CaCl 2 with a pH of 7.4). The solution was then desalted using a 25 mm cellulose membrane dialysis tube (Cat No. D9777, Sigma Aldrich Company, Oakville, Ontario, Canada). Ammonium sulfate desalting was carried out three consecutive times. The ammonium sulfate free solution was then centrifuged (IEC-B20A, Fisher Scientific, Pittsburgh, PA, USA) at 6750 rpm and 4˚C for 30 minutes and the supernatant was collected and stored at -20˚C.
Purification of Collagenase Enzyme
The biogel chromatography procedure used in this study (Figure 2 ) was similar to that described by Indra et al. [53] for purification of collagenase enzyme. A Sephadex G-100 column (1.5 cm × 15 cm) was used. After washing the column with 5 volumes of buffer A at a flow rate 60 mL/h, and 10 volumes of buffer B (50 mM Tris-HCl buffer containing 5 mM CaCl 2 and 0.15 M NaCl with a pH of 7.4) at the same flow rate, the supernatant that resulted from the dialysis step (ammonium sulfate free enzyme extract) was loaded into the Sephadex G-100 column at 4˚C. The column was eluted with 10 volumes of buffer B with a flow rate 12 mL/h. Collagenase enzyme fractions were pooled, freeze dried (FD-ULT-1, Thermovac Industries Corp., Copiague, New York, USA) nd stored at -20˚C. a 
Activation of Procollagenases
trypsin (1 µg) with a ratio of 1:1 (v:v) and held for 15 minutes at room temperature (≈23˚C) followed by addition of soybean trypsin inhibitor (5 fold) to stop the proteolysis as recommended by Woessner (1977) and then collagenase activity was assayed. A blank was carried out in which the enzyme solution was treated with the same The enzymes in the crude extract, fractionated and purified samples were activated according to the procedure described by Shinkai and Nagai [54] as shown in Figure  3 . The enzyme solution (0.1 mL) was mixed with bovine manner but without soybean trypsin addition. The enzyme solution was dialyzed against 3.0 M NaI at the ratio of 1:1 (v:v). The enzyme activities were assayed after 3 hours incubation with collagen and compared to the activities of the non activated enzyme solution.
EFFECTS OF KSCN, INHIBITOR, pH AND TEMPERATURE ON ENZYME ACTIVITIES
Four separate experiments were carried out to investigate the effects of Potassium thiocyanate (KSCN), inhibitors, temperature and pH on the enzyme activities.
Effect of KSCN Dialysis
The enzyme in the crude extract was dialyzed against potassium thiocyanate (KSCN) before fractionation with ammonium sulfate according to the procedure described by Woessner [55] . The crude extract was mixed with 6.0 M KSCN in buffer A (50 mM Tris-HCl buffer containing 5 mM CaCl 2 with a pH of 7.4). KSCN was added to the crude extract at a ratio of 1:5 (v/v) and mixed for 30 minutes at 4˚C in an ice bath using ultrasonic cleaner system (2510R-MTH, Branson Ultrasonic Cleaner, Danbury, USA). This was followed by desalting against the same buffer several times until thiocyanate was not detected. The enzyme then fractionated with ammonium sulfate (40% -80%) and the ammonium sulfate free super-natant was collected after centrifugation at 6750 rpm and 4˚C for 30 minutes (IEC-B20A, Fisher Scientific, Pittsburgh, PA, USA) as described by Teruel and Simpson [51] . The enzyme solution was then mixed with substrate and inoculated for 3 hours at 37˚C. The enzyme activity was assayed after incubation and compared with that obtained without addition of KSCN.
Effect of Enzyme Inhibitors
The inhibition effect of ethylenediaminetetraacetic acid (EDTA) with concentrations of 18.6, 27.9 and 37.2 mg/ mL and soybean trypsin (STI) with concentrations of 5, 7.5 and 10 mg/mL were tested. The purified enzyme was redissolved in 0.5 mL buffer A (50 mM Tris-HCl buffer containing 5 mM CaCl 2 with a pH of 7.4), mixed with each inhibitor at a ratio of 1:1 (v:v) and incubated for one hour at room temperature (≈23˚C), followed by incubation for 3 hours at 37˚C with collagenase. After incubation, the enzyme activity was assayed and compared to that of the non inhibited enzyme activities.
Effect of Temperatures on Collagenase Activity
To study the effect of temperature, the enzyme solution was preincubated for one hour at the desired temperature (20˚C, 25˚C, 30˚C, 35˚C, 40˚C, 45˚C, 50˚C or 55˚C) followed by incubating the solution with collagenase for 3 hours at 37˚C. After incubation, the enzyme activity was assayed.
Effect of pH on Collagenase Activity
To determine the effect of pH on the enzyme activity, the purified enzyme was redissolved in 0.5 mL phosphate buffers (0.05 M) solutions with the desired pH value (5.0, 5.5, 6.0 or 6.5) and in 0.5 mL buffer A (50 mM Tris-HCl buffer containing 5 mM CaCl 2 and with desired pH value 7.0, 7.5, 8.0, 8.5 or 9.0). The enzyme solutions were incubated at 35˚C for one hour before mixing with the substrate to stabilize the temperature as recommended by Sivakumar et al. [46] and Indra et al. [54] . It was then incubated with collagenase for 3 hours at 37˚C. After incubation, the enzyme activity was assayed.
EXPERIMENTAL ANALYSES
Determination of Protein Content
The protein content of the samples was measured using bovine serum albumin as protein standard according to the method described by Bradford [56] . 
Collagenase Total Activity
The collagenase activity of the samples was assayed using non soluble collagen type I (Bovine Achilles tendon, Cat. No. C9879, Sigma Aldrich Company, Oakville, Ontario, Canada) as the enzyme substrate. One unit of enzyme was defined as the amount which degrades 1 µg of collagen per minute at pH 7.5 and 37˚C [54] .
Determination of Specific Activity
The specific activity of the enzyme was expressed as unit/mg protein according to the methods recommended by Mandl et al. [57] and Moor and Stein [58] . The released amino acids from collagen after 3 hours incubation at 37˚C were detected. The liberated amino acids were measured in relation to L-Leucine in the presence of ninhydrine. One unit of collagenase activity was defined as one µmol of L-leucine equivalent librated from substrate over 3 hours of incubation at 37˚C. The L-leucine standard curve was prepared following the methods described by Sigma enzymatic assay (EC 3.4.24.3) of collagenase [59] . Aldrich Company, Oakville, Ontario, Canada) deionized water solution at a ratio of 1:1 (v/v) were added and mixed well. The absorbance was determined at 570 nm using spectrophotometer (Ultrospec 1100-pro, Amersham Pharmacia Biotech, Piscataway, NJ, USA). The L-leucine standard curve is shown in Figure 5 . The specific activity was calculated using the following equation.
Units mL Enzyme SA mg Protein mL Enzyme 
where: SA: Specific activity (Units/mg Protein).
Determination of Purification Fold (PF)
The purification fold was used to evaluate the increase in purity of the enzyme after the purification step. It was calculated using the following equation: 
RESULTS
Isolation of Collagenase Enzyme
Crude proteins were first extracted from fish processing waste. The proteins in the crude extract were then precipitated using ammonium sulfate method (40% -80%) and the enzyme in the ammonium sulfate free solution was purified using Sephadex G-100 chromatographic technique. The total enzyme activity, specific activity, purification fold and recovery yield were determined for each sample. The results are presented in Table 1 . 
The protein content in the crude enzyme was 2.33 ± 0.10 mg/L. It decreased to 1.33 ± 0.10 mg/L (57.08%) after fractionation with ammonium sulfate and then to 0.95 ± 0.04 mg/L (40.77%) after desalting (removal of ammonium sulfate). The final protein content after purification using biogel chromatography was 0.034 ± 0.03 mg/L (1.46%).
Determination of Recovery Yield (RY)
The recovery yield was defined as the percent of total refined enzyme activity relative to the total crude enzyme activity. It was calculated using the following equation.
OPEN ACCESS
Units mL Purified protein RY 100% Units mL Crude protein  
The total activity of the crude enzyme was 27.10 ± 4.80 unit/mL which decreased to 21.85 ± 3.04 unit/mL (80.86%) and then to 18.49 ± 1.10 unit/mL (68.23%) after fractionation with ammonium sulfate and desalting, respectively. Purification with biogel chromatography decreased the total activity to a final value of 6.17 ± 0.20 unit/mL (22.77%).
Estimation of Molecular Weight by SDS-PAGE
Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) was carried out in 5% -15% gradient gels using a vertical gel unit system (LKB 2001, Pharmacia Biotech, Uppsala, Sweden) and power supply unit (LKB BrommaMacrodrive 5-2297 Pharmacia Biotech, Bromma, Sweden) with discontinuous buffer system as recommended by Laemmli [60] . Samples were reduced with mercaptoethanol prior to application. The gels were stained with silver staining (Cat No. 85181, Sigma Aldrich Company, Oakville, Ontario, Canada) according to the procedures described by Wray et al. [61] . The Standards (KDa) used were: myosin 200.00; β-
The specific activity of the crude enzyme was 11.63 ± 2.14 unit/mg. It increased to 16.43 ± 3.19 unit/mg (141.27%) and then to 19.46 ± 1.42 unit/mg (167.33%) after fractionation with ammonium sulfate and desalting, respectively. The final value of the specific activity after purification with biogel chromatography was 181.47 ± 3.82 unit/mg (1560.36%).
The purification fold of the crude enzyme was 1.00, which then increased to 1.42, 1.66 and 15.70 after fractionation with ammonium sulfate, desalting and purification with biogel chromatography, respectively. The recovery yield of crude enzyme (100%) was reduced to 80.63% and 68.84% after the fractionation and desalting steps, respectively. A final recovery yield of 22.77% was achieved after purification with biogel chromatography.
The relationship between protein concentration and the total and specific activities are shown in Figure 6 . The results showed that the higher the protein concentration, the higher the total activity and the lower the specific activity. The high protein content observed before purification was due to the presence of other proteins which resulted in lower specific activity. The fractions recovered after 3 hours from Bio-Gel column chromatography on Sephadex G-100 showed a specific activity value of 181.47 ± 3.82 unit/mg protein and recovery yield of 22.77%. Increasing the purification time beyond 3 hours significantly reduced the collagenase activity as shown in Figure 7 . On the other hand, 1 and 2 hour of incubation time of the purification step also resulted in much lowerspecific activities (4 and 18 unit/mg, respectively). 
Activation of the Collagenase Enzyme
The results of collagenase enzyme activities are shown in Table 2 . The enzyme total and specific activities were significantly affected by the addition of KSCN. The collagenase total activity was reduced from 10.95 ± 0.83 to 5.4 ± 0.19 unit/mL (145.44%) and the specific activity increased from 6.25 ± 0.19 to 9.09 ± 1.08 unit/mg protein (80.68%) by the addition of KSCN. The enzyme solution mixed with the bovine trypsin (1 μg/μL) recorded a total activity of 21.28 ± 1.17 unit/mL and a specific activity of 40.36 ± 13.92 unit/mg protein. When the enzyme solution was mixed with the soybean trypsin inhibitor, a total activity of 13.75 ± 0.32 unit/mL and a specific activity of 27.18 ± 1.04 unit/mg protein were observed.
On the other hand, direct mixing of the enzyme solution with 3.0 M NaI or dialysis against the same concentration of NaI did not show any effect on activity. The values are average of three replicates (mean value ± SD); I Enzyme solution mixed with soybean trypsin inhibitor after activation; II Enzyme solution was not mixed with soybean trypsin inhibitor; ND: no detectable activity. Table 3 shows the inhibitory effects of ethylenediaminetetraacetic acid (EDTA) and soybean trypsin inhibitor (STI) on collagenase activity. A complete inhibition (100%) occurred with all EDTA concentrations and with STI concentrations of 10 and 7.5 mg/mL. The concentration of 5 mg/mLof STI reduced the total activity from 10.95 ± 1.44 unit/mL to 2.78 ± 0.88 unit/mL (73.31% reduction) and the specific activity from 6.25 ± 0.11 to 2.07 ± 0.30 unit/mg protein (66.88% reduction).
Effect of Enzyme Inhibitors
Effect of Temperatures
Collagenase enzyme isolated from fish waste materials showed low activities at extreme temperatures of 20˚C and 55˚C. Only 38% and 8% of the activity were observed at 20˚C and 55˚C, respectively. Optimum collagenase activity (100%) was recorded at 35˚C (Figure 8 ).
Effect of pH
Collagenase enzyme isolated from the fish waste materials showed increased activity with increased pH with an optimum activity recorded at a pH 7.5. A sharp decrease in activity was observed when the pH was further increased and only 10% of the activity was recorded at pH of 9 (Figure 9 ).
Molecular Weights
The St lane (protein molecular weights markers) has nine bands with molecular weights between 200.0 and 6.5 kDa. The collagenase enzyme isolated from ammonium sulfate fractionation (Lane 1) showed seven bands of protein with molecular weights varying from 55.0 to 6.5 
DISCUSSION
In the present study, the extraction, purification and assay of collagenase enzyme from fish waste as well as the effect of several inhibitors, temperature and pH on collagenase activities were illustrated. Animal collagenases especially those isolated from crustacean have the ability to breakdown collagens [34, 35, 62] . Several researchers reported that the collagenase enzymes are secreted in an inactive form and can be activated by trypsin or other proteases [63, 64] or by dialysis against 3.0 M sodium thiocyanate (NaSCN) [65] . The activity of collagenase enzyme isolated from the fish waste in the present work using insoluble bovinecollagen as substrate was low during the first 2 hours incubation and an optimum activity was obtained after 3 hours of inoculation.
In the present study, collagenase activity in the crude extract was not detected neither by dialysis against 3.0 M sodium iodide (NaI) nor by mixing with 3.0 M NaI solution. These results were unexpected, as Shinkai and Nagai [54] reported that NaI treatment increases the collagenolytic activities. However, activation of the collagenase was achieved by direct incubation with 6.0 M potassium thiocaynate (KSCN) with the enzyme solution. It appears that when the procollagenase was combined with KSCN the α-macroglobulin was partly dissociated releasing the active collagenase form [54, 65, 66] .
When the enzyme was treated with bovine trypsin, the enzyme activity increased and to 3 times greater than the non activated enzyme. That was attributed to the proteolysis effect of trypsin which converted the latent enzyme that persisted into an activated form [67, 68] . Trypsin also prevents inhibition of collagenase by binding with α-2-macroglobulin which is known to inhibit mammalin collagenase and other proteases [39, 54, 69, 70] .
The purified collagenase was inhibited by all the three concentrations of EDTA indicating that the metal ions are required to activate the enzyme by metalloprotease [46, 54] . Soybean trypsin inhibitor (STI) with concentrations of 10 and 7.5 mg/mL inhibited the activity of the collagenase enzyme completely. It has been reported that STI inhibited the collageolytic enzymes from cod, shrimp, catfish and krill [71] [72] [73] [74] , indicating that enzyme have a trypsin-like property [75] .
Collagenase enzymes reported by many researchers have a wide range of molecular weights. This wide range of molecular weights is to be expected with an enzyme such as collagenase that does not have a single structure nor a single source [13, 35, 40, 43, 46, 47, 49, 50, 76, 77] . SDS-PAGE indicated that the purified procollagenase treated with trypsin consisted of two subunits with molecular weights 50.0 KDa and 10.0 KDa suggesting that procollagenase could be dissociated into the active form during the electrophoresis process. The low molecular weight molecule could be the results of proteolytic degradation of the protein that was produced as a result of trypsin action [78] .
The results showed that temperature had a significant effect on collagenase enzyme activities. The highest value was recorded at temperatures between 30˚C and 40˚C with the maximum activity recorded at 35˚C. On the other hand, higher temperature (above 50˚C) resulted in denaturation of the enzyme, as very little activity was observed at this higher temperature. This may be due to the unfolding of the enzyme molecule which resulted in thermal inactivation [37] .
Collagenase enzyme isolated from the fish waste showed activities correlated to pH when pH was near to the physiological pH of most animal spices at 7.5 [43] . Collagense activities recorded a maximum value at pH 7.5 here and decreased with pH values above or below that value. The reduction in enzyme activities at acidic or alkaline pH may be related to the change of the enzyme structure and/or its active sites due to decreasing electrostatic bonds [79] . Omondi and Stark [80] and Sriket et al. [37] found that the collagolytic and proteolytic activities of crude protease isolated from fish and shellfish showed the optimum activities at pH values of 6.5 to 8.0. However, the effect of acidic or alkaline pH on the collagenase is similar to those of all proteinases that have been isolated from fish species [35, [81] [82] [83] [84] [85] .
CONCLUSION
The present work illustrated the usefulness of the fish processing waste as a source for value added enzymes such as collagenase enzyme. Isolation of collagenase from fish processing waste will have a positive impact on the economics of the fish processing industry and will minimize the environmental impact of current fish waste disposal. Tris-buffer extraction was found to be an easy, safe and cost effective method for the recovery of collagenase enzyme. The proteins in the crude extract were first precipitated using ammonium sulfate (40% -80%) and then purified with gel-filtration chromatography using Sephadex G-100. The collagenase enzyme was activated with bovine trypsin and potassium thiocyanate (KSCN). The activity of the enzyme recovered from fish processing waste (haddock, herring, ground fish, flounder) was affected by the pH and temperature with the maximum activity observed at pH 7.5 and 35˚C. The addition of KSCN decreased the enzyme total activity and increased its specific activity. The enzyme activity was completely inhibited by the action of ethylenediaminetetraacetic acid (EDTA) suggesting that the collagenase enzyme isolated from the fish waste is a metalloproteinase enzyme requiring metal ions for enzyme activity. Collagenase enzyme isolated in this work had a molecular weight of two subunits with one of 50 kDa and the other of 10 kDa.
